Figure 1. Alignment and Structural Model of the Extracellular Domain of the Human GlyR α1 Subunit
(A) Partial sequence alignment of AChBP with the amino-terminal subdomains of the human GlyR α1 and β subunits, the human nAChR α7 subunit, the glutamate-gated chloride channel α subunit from C. elegans (GLUCLACE), and the human GABA A R subunits α1, β2, γ2, and ρ2. Secondary structure elements found in AChBP are indicated above its sequence. Residues conserved throughout the superfamily are underlain in dark gray, and partially conserved residues are underlain in light gray. Residues mutated in the GlyR α1 subunit are numbered underneath the alignment. Amino acid residues located at the − side of the subunit interfaces are shown in blue, and residues located at the + side are shown in green. (B) Model of the extracellular domains of two adjacent GlyR α1 subunits (side view). Backbones of the subunits are illustrated in ribbon representations (green, + side; blue, − side of the interface). Glycine was docked into the interface followed by energy minimization. Residues thought to contribute to ligand recognition (yellow dots) were mutated.
Data Bank entry 1I9B) (Brejc et al., 2001). In this pentawas taken as a template to generate a pentameric meric protein, residues from both sides of the subunit three-dimensional model of the extracellular N-terminal interface contribute to ligand binding, with the plus (+)
domain of the human α1 subunit . A side presenting loop elements, and the minus (−) side partial alignment of the GlyR α1 subunit with the presenting β sheets, toward the interface. Since the AChBP sequence as chosen for homology modeling is AChBP displays up to 27% amino acid identity to the presented in Figure 1A ; Figure . Therefore, we decided to examine In the present study, electrophysiological and molecthe functional importance of residues homologous to ular modeling techniques were combined to explore the the AChBP positions, which lie within close distance ligand binding sites of homo-and heterooligomeric (%6 Å) of the bound ligand and have been shown to GlyRs. Based on the crystal structure of the AChBP, contribute to ligand binding in different receptors of the models of the N-terminal domains of the α1 and β subCys-loop family (Sixma and Smit, 2003) . Specifically, we unit were generated. Amino acid residues predicted to focused on the following charged and aromatic resiparticipate in ligand binding were mutated to reveal key dues located either at the + side (α1Q155, α1E157, residues implicated in agonist and antagonist binding.
α1Y197, α1H201, α1F207, α1T208) or the − side (α1F63, In contrast to previous reports in which the GlyR β sub-α1R65, α1R119, α1R131, α1E172, α1D180) of the interunit was suggested to have mainly a structural role in face. Residues α1F159, α1K200, α1Y202, and α1T204, anchoring the receptor at postsynaptic sites (see Kuhse which were substituted previously (Rajendra et al., 1995; , here a major role of the β subunit in ligand Schmieden et al., 1993; Vandenberg et al., 1992b) , were binding is demonstrated. Furthermore, expression of a excluded from our analysis. All amino acid side chains tandem α1β construct along with metabolic labeling listed above were exchanged to alanine, except for analyses of recombinant GlyRs discloses the β subunit glutamate 157, which was mutated to aspartate, since as major component of heterooligomeric GlyR proteins introduction of an alanine at this position results in a and establishes a subunit stoichiometry of 2α1:3β. Finonfunctional receptor (Laube et al., 2000) . Additionally, nally, our results indicate a common mode of binding α1R65, α1R119, and α1R131 were isofunctionally refor the α-carboxylate and amino groups of amino acid placed by lysine. The positions of the substitutions neurotransmitters in different receptor families.
made are indicated in Figure 1B .
Results

Agonist Response Properties of Homomeric Mutant ␣1 GlyRs Strategy for Mutational Analysis
First, we examined whether the mutations that were inof the GlyR ␣1 Subunit troduced change agonist activation of the homooligoIn order to identify ligand binding residues of the GlyR, the crystal structure of the AChBP (Brejc et al., 2001 ) meric α1 GlyR expressed in Xenopus laevis oocytes. All 2.4 ± 0.8 3.6 ± 1.6 (10) 25 ± 9 36 ± 10 (9) α1F63A R250* (6) ND R300* (4) 20 ± 5 12000 ± 3000* (5) α1R65K 41 ± 12* (5) 2.0 ± 0.3 58 ± 21* (5) 54 ± 7* 170 ± 80* (6) α1R65A R250* (4) 2.2 ± 0.4 84 ± 20* (6) 83 ± 19* 160 ± 50* (4) α1R119K 11 ± 4.1* (7) 1.8 ± 0.3 25 ± 19* (7) 37 ± 15 130 ± 70* (6) α1R119A 27 ± 12* (5) 1.9 ± 0.1 67 ± 29* (7) 7.0 ± 1.0* 250 ± 120* (4) α1R131K 2.3 ± 1.7* (5) 0.9 ± 0.2* 3.6 ± 1.8 (5) 57 ± 16* 830 ± 400* (6) α1R131A 0.11 ± 0.09 (8) 1.6 ± 0.4 0.42 ± 0.16* (6) 65 ± 10* 13000 ± 3600* (8) α1Q155A
2.5 ± 0.9* (9) 1.5 ± 0.3* 26 ± 5* (5) 26 ± 15 69 ± 23* (6) α1E157D R250* (5) ND R300* (5) 96 ± 6* NI (5) α1E172A 0.46 ± 0.33 (7) 1.9 ± 0.6 6.9 ± 0.9* (8) 31 ± 11 23 ± 12 (7) α1D180A 0.49 ± 0.28* (7) 2.4 ± 0.4 6.0 ± 1.2 (5) 30 ± 11 26 ± 15 (7) α1Y197A 0.45 ± 0.14* (6) 2.0 ± 0.9 4.9 ± 2.9 (5) 31 ± 17 37 ± 7 (7) α1H201A 0.27 ± 0. α1 mutants generated functional receptors, with maxithat mainly binding rather than gating mutants were generated here. mal glycine-induced current (I max ) values in the range of 50-220 nA/mV, except α1E157D and α1F207A, which produced low-current responses in the range of 10 nA/ Evaluation of Residues Important for Antagonist Interaction mV even after application of 300 mM glycine. Wild-type (wt) α1 GlyRs displayed a glycine EC 50 value of 0.19 ± To determine whether the α1 residues mutated also contribute to antagonist binding, inhibition curves for 0.05 mM (Table 1) . Substitutions of the arginine residues α1R65 and α1R119 caused dramatic reductions strychnine were recorded. Strychnine is a competitive antagonist of the GlyR, with an IC 50 value of 36 ± 10 in apparent glycine affinity even upon isofunctional replacement (60-to 1300-fold; see Figure 2A ). In the case nM at wt α1 GlyRs. Six out of 16 of the amino acid substitutions tested changed the IC 50 value of strychof the substitutions α1F63A, α1R65A, α1E157D, and α1F207A, the EC 50 value could only be estimated to be nine >10-fold (Table 1 and Figure 2B ). The mutations α1E157D and α1F207A produced strychnine-insensi-R250 mM (Table 1) , because glycine concentrations up to 300 mM failed to saturate the current response. In tive GlyRs that were not inhibited even at rather high strychnine concentrations (%500 M). A strongly recontrast, the following mutations had only small or no effects on the dose response: αR131K and -A, duced inhibition by strychnine (330-fold) was also observed for the α1F63A replacement. Of the arginine α1Q155A, α1E172A, α1D180A, α1Y197A, α1H201A, and α1T208A. EC 50 values were increased at most by 2-to substitutions examined, only the α1R131 mutations caused a marked increase in the IC 50 value of strych-10-fold as compared to the wt α1 GlyR. This is consistent with these amino acid residues playing only minor nine, with a 20-fold change upon lysine and a 360-fold change upon alanine incorporation. In contrast, the roles in agonist binding and/or receptor function.
In addition to the full agonist glycine, we also tested α1R65 and α1R119 mutations had only minor effects on strychnine inhibition (4-to 7-fold reduction). Another the partial agonist taurine. Mutants that showed only low expression or had no effect on apparent glycine substitution affecting strychnine binding is α1T208A, which led to a 60-fold shift in IC 50 value. Together, these affinity (α1H201A and α1F207A) were excluded from analysis. All substitutions that affected the EC 50 value results indicate that within the binding pocket strychnine interacts with several of the residues required for of glycine also reduced that of taurine (Table 1) , indicating that the same amino acid residues are essential for glycine binding. the binding of both agonists. To evaluate whether the α1 subunit mutations introduced also might affect reModel of the Binding Pocket of the Homooligomeric GlyR ceptor gating, activation by the partial agonist taurine was compared to that seen with the full agonist glycine From our previous model of the α1 GlyR binding pocket, several residues located at the interface of two (I max tau/I max gly; see Table 1 ). Taurine is a low-efficacy agonist; therefore, changes in gating properties should adjacent α1 subunits had been suggested to contribute to glycine binding . Specifically, become apparent as a reduction in the relative maximal inducible current (Colquhoun, 1998) . Except for three arginines located on the − side (α1R65, α1R119, and α1R131) and five residues on the + side (α1Q155, α1R119A, all mutations examined showed a similar or even higher relative maximal current with taurine than α1E157, α1Y197, α1H201, and α1F207) appeared to be good candidates for interactions with the α-carboxyl the wt α1 GlyR (Table 1) . Based on the theoretical analysis of the interdependence of binding and gating and α-amino groups of the agonist. Considering previously described effects of α1 substitutions on glycine in receptor activation (Colquhoun, 1998), this indicates , 1992b) , we generated a reconclusion resulting from this improved model is that glycine bridges the interface of adjacent subunits via fined three-dimensional model of the ligand binding site of the α1 GlyR. Glycine was docked into the binding its α-amino and α-carboxyl groups by mainly interacting with two oppositely charged side chains at the + pocket followed by several energy minimization runs (for details, see Experimental Procedures). In the low-(α1E157) and − (α1R65) sides, respectively ( Figure 2C ). Consistent with this mode of binding, the effects of est-energy docking mode, glycine's α-carboxyl group was orientated toward the +, and the α-amino group the isofunctional mutations α1R65K and α1E157D on the glycine EC 50 value were smaller than those with the toward the -, sides of the binding pocket. Residues α1F63, α1R65, α1E157, α1F207 (this study), α1F159, respective alanine substitutions, indicating that the α-carboxyl and α-amino groups of glycine are ionically α1K200, α1Y202, and α1T204 (Rajendra et al., 1995; Schmieden et al., 1993; Vandenberg et al., 1992b), paired with these residues. The increased efficacy at mutation α1E157D of the partial agonist taurine (Table whose mutation severely affects the glycine EC 50 value (55-to 8600-fold), were assumed to contribute to ago-1), which has a longer main chain that compensates that of the reduced side chain length of the introduced To evaluate whether the β subunit also contributes to ligand binding, we expressed the low-affinity α1R65A aspartate, is also in accordance with a crucial role of α1E157 in directly ligating agonists. The α-carboxyl and the α1E157D mutants together with the wt β subunit. For heterooligomeric GlyR expression, α1 and β group of glycine further interacts via two additional H-bridges with the hydroxyl groups of α1Y202 and cRNAs were mixed at a ratio of 1:4 to minimize generation of homopentameric α1 receptors. Surprisingly, the α1T204; hence, glycine binding is strongly reduced upon the substitutions α1Y202F (Rajendra et al., 1995)
β subunit was able to rescue the dramatic increase in glycine EC 50 value caused by the α1 substitutions (Figand α1T204A (Rajendra et al., 1995; Vandenberg et al., 1992b). Two cation-π interactions with the aromatic ure 3A) to nearly α1β wt levels (Table 2 ). In contrast to the homooligomeric α1R65A and α1E157D GlyRs, side chains of α1F159 and α1F207 are predicted to stabilize the α-amino group of glycine ( Figure 2C ). Indeed, which both displayed no current saturation at 300 mM glycine (EC 50 values R 250 mM; see Table 1 ), the heterthe isofunctional substitutions α1F159Y and α1F207Y have been shown to increase or to not affect apparent ooligomeric α1R65Aβ and α1E157Dβ receptors showed maximal currents already at 5-10 mM glycine. Most asglycine binding affinities (Laube et al., 2000; Schmieden et al., 1993), whereas alanine substitutions at these potonishing was the rescue for the α1E157D mutant, which gave only small currents as a homopentamer but sitions nearly abolished glycine binding (this study; and B.L., unpublished data). The proper side chain orientafull current flow upon coexpression with the β subunit ( Figure 3A ). Moreover, coexpression of the α1R65A mutions of the crucial residues α1R65 and α1E157 are predicted to be stabilized by additional cation-π interactant with the β subunit resulted in a heterooligomeric receptor with a glycine EC 50 of 0.65 ± 0.13 mM, i.e., a tions with α1F63 and α1Y202, and by a salt bridge with α1K200, respectively ( Figure 2C ). value that was not significantly different from that of wt α1β GlyRs (EC 50 of glycine 0.48 ± 0.15 mM). Similar Using computational docking, we also identified specific interactions for the antagonist strychnine within results were obtained when the α1E157D mutant was coexpressed with the wt β subunit (EC 50 value 0.83 ± the binding pocket ( Figure 2D ). In contrast to glycine binding, strychnine binding is most strongly affected 0.26 mM) ( Figure 3B ). Thus, the overall rescue effects of the β subunit on apparent glycine affinity were 380-upon substitution of α1R131, whereas substitutions of α1R65 have only a modest effect. We therefore propose fold and 300-fold for the α1R65A and α1E157D substitutions, respectively. These results indicate that the β that the oxygen at position 24 of strychnine directly interacts with the guanidinium group of α1R131. The possubunit has a dominant role in agonist binding to heterooligomeric GlyRs. itively charged N19 of strychnine, which is protonated at physiological pH (Becker, 1992), mainly interacts with To examine whether the β subunit is also able to rescue strychnine binding to mutant α1 subunits, we coexthe negatively charged side chain of α1E157 and is also stabilized by cation-π interactions with α1F159 and pressed the wt β subunit with α1 mutants that displayed strongly reduced strychnine affinities (α1R131Aβ and α1F207. An additional important interaction exists between the benzene ring of strychnine and the aromatic α1E157Dβ). These substitutions are located at the − and + sides of the interface, respectively. At wt homoside chain of α1Y202, which are likely to form a π-π bond. Interestingly, in contrast to what is found for glyand heterooligomeric GlyRs, strychnine IC 50 values are almost identical (α1, IC 50 = 36 ± 10 nM and α1β, IC 50 = cine binding, loss of the hydroxyl group of α1Y202 in the α1Y202F mutation does not affect strychnine bind-32 ± 8 nM; see Tables 1 and 2 ). Interestingly, upon coexpression with the β subunit only α1E157D was rescued ing (Rajendra et al., 1995) , consistent with a pure π-π interaction as predicted from our model. Notably, major to wt levels (IC 50 = 35 ± 10 nM), whereas the α1R131Aβ GlyR retained a strongly reduced strychnine affinity differences in the orientation of side chains or in the overall structure of the backbone are not detectable (IC 50 = 20000 ± 4000 nM) ( Figure 3C ), although its glycine response was comparable to that of wt α1β GlyRs between the glycine-and the strychnine-ligated binding pockets. Only residue α1Y202 is pushed toward the (see Table 1 ). These results suggest a differential contribution of subunit interfaces to strychnine binding at outside of the pocket upon strychnine binding, resulting in a more open conformation of the second Cysheterooligomeric α1β GlyRs. loop. The interactions of α1F63 with α1R65, and of α1K200 with α1E157, are maintained in the strychnine ␤ Subunit Residues Implicated in Ligand Binding bound model, similar to the situation obtained after glyTo further investigate the role of the β subunit in ligand cine binding. In summary, our model allows us to dock binding, we replaced residues of the β subunit (βR86, agonists and antagonists into the binding site located βR154, βE180, βK223, βY225, βK226, βY231) by alanine, at the intersubunit crevice in orientations consistent which are homologous to the ligand binding residues with our mutational data. However, a pronounced reoriof the α1 subunit (α1R65, α1R131, α1E157, α1K200, entation of a side chain emerges only in a single case, α1Y202, α1N203, α1F207, respectively). Then, mutant β α1Y202.
and wt α1 cRNAs were coinjected at a ratio of 4:1. To distinguish between homo-and heteromeric receptors, all glycine dose-response curves were recorded in the Rescue of Mutant ␣1 GlyRs by Coexpression with a wt ␤ Subunit presence of 100 µM picrotoxinin, which inhibits homobut not heteropentameric GlyRs (Pribilla et al., 1992) . In the adult spinal cord, synaptic GlyRs consist of α and β subunits. The glycine EC 50 value of the heteroMost of the mutant β subunits generated heterooligomeric receptors with reduced apparent glycine affinities oligomeric α1β wt receptor is known to be similar to that of homooligomeric α1 GlyRs (Kuhse et al., 1993) .
( Figure 4A and Table 2 ). Particularly prominent increases in glycine EC 50 value were obtained for α1βR86A and α1βE180A GlyRs (EC 50 = 5.7 ± 2.1 mM and 2 ± 0.7 mM, respectively). More modest changes in the glycine EC 50 value (2-to 3-fold) were observed with the following mutant receptors: α1βR154A, α1βK223A, α1βY225A, and α1βY231A. In contrast, the βK226A substitution had no significant effect on apparent glycine affinity. Since βR86 and βE180 are homologous to α1R65 and α1E157, our results highlight the importance of these charged side chains for agonist binding to both homoand heterooligomeric GlyRs. Furthermore, they underline the important contribution of the β subunit to ligand binding in α1β receptors. We also examined strychnine antagonism with the heterooligomeric mutant GlyRs. Substitutions α1βE180A, α1βK223A, and α1βY225A resulted in significant reductions of the IC 50 value of strychnine (3-to 6-fold). In contrast, the α1βR154A, α1βK226A, and α1βY231A GlyRs displayed no detectable changes in antagonist affinity, with IC 50 values similar to wt ( Figure 4B and Table 2 ). These results suggest that the β subunit of the GlyR is important for both agonist and antagonist binding.
Models of the Heterooligomeric Subunit Interfaces
For generating models of the heterooligomeric subunit interfaces, one α1 subunit of the α1α1 dimer ( Figure 1B ) was replaced by a β subunit either on the + or the − side, thereby creating α1β and βα1 interfaces, respectively. Since all residues crucial for ligand binding to the α1 subunit are conserved in the β polypeptide, we assumed that homologous residues in both subunits are involved in ligand binding. Modeling of the heteromeric interfaces revealed that the α-carboxyl and α-amino groups of glycine are consistently stabilized via ionic interactions with the β residues R86 at the α1β (data not shown) and E180 at the βα1 ( Figure 4C ) interfaces, respectively. Hence, the heterooligomeric interfaces bind the amino and the carboxyl group of glycine through the combinations α1E157/βR86 and βE180/ α1R65 of the α1β or βα1 dimers, respectively. Further stabilization may be provided by the + side residues α1F159, α1K200, α1Y202, α1T204, and α1F207 at the interface ( Figure 4D ). This is consistent with β subunit mutations not affecting strychnine potency when introduced at the − side and is also in agreement with our enthalpy calculations, which predict that strychnine binding at the α1α1 and βα1 interfaces (⌬H = −38.2 and −41.6 kcal/mol, respectively) is energetically favored to binding at the α1β interface (⌬H = −28.1 kcal/mol).
Stoichiometry of Heterooligomeric ␣1␤ GlyRs
The heterooligomeric GlyR is thought to be composed of three α1 and two β subunits (Langosch et al., 1988) . However, when comparing the glycine EC 50 values of heterooligomeric receptors that carried mutations of homologous ligand binding residues in either the α1 or the β subunit, we realized that homologous substitutions in the two subunits differentially affected the glycine response. Specifically, the α1R65A substitution caused an increase in glycine EC 50 value (0.65 ± 0.13 mM) that was significantly smaller than that found for the homologous βR86A mutation (EC 50 = 5.7 ± 2.1 mM) ( Table 2 ), suggesting that the β subunit determines agonist affinities. To unravel whether this reflects a higher copy number of β versus α subunits, we generated a concatemeric subunit fusion protein, in which the C terminus of the α1 subunit was linked to the N terminus of the β subunit via a 7-fold alanine-glycine-serine repeat. Expression of this tandem construct (αβ) T in oocytes alone gave no significant current flow ( Figure 5A ). Furthermore, coexpression of the concatemeric subunit teristic of homooligomeric α1 receptors (Table 2 ), e.g., (B) Metabolic labeling of α1β GlyRs. Xenopus oocytes coexpressglycine EC 50 values similar to those of α1R65A and ing a His-tagged β with a nontagged α1 subunit were metabolically α1E157D homomeric GlyRs (see Table 1 ). In contrast, Figure 5B shows the 35 S-labeled subunit bands visualized by phosphorunits were associated with β subunits under the experimental conditions used. Moreover, these results further imaging. Quantification revealed that the coisolated nontagged α1 subunit band contained 1.38-fold more support an 2α1:3β subunit stoichiometry of heterooligomeric GlyRs. radioactivity than the His-tagged β polypeptide ( Figure  5B ). This ratio is very close to the theoretical value of To exclude the possibility that intracellularly retained unassembled or partially assembled GlyR subunits 1.42 calculated for a stoichiometry of 2α1:3β subunits, based on 17 and 8 methionine residues per mature α1 might contribute to the above determined α1/β subunit ratios, we also purified metabolically labeled GlyRs and β subunit, respectively (α1/β = 34 × M/24 × M). To display the entire amounts of α1 and β subunits synthefrom the cell surface. In oocytes, GlyRs have been shown to reach the plasma membrane only when fully sized from an injected 5-fold excess of β over α1 cRNAs, we also coexpressed and purified His-tagged assembled into functional channels (Büttner et al., 2001 ) and to be internalized as pentamers upon ubiquiversions of both subunits. Quantification yielded a similar ratio of 1.35 of α1 to β subunit radioactivities (data tination (Sadtler et al., 2003) . Intact oocytes expressing metabolically labeled α1 and His-tagged β subunits not shown). The almost identical ratios obtained by both protocols suggested that all recombinant α1 subwere therefore surface labeled with biotin, and GlyRs were purified from digitonin extracts of ten pooled by α, β, and ρ subunits of the GABA A/C R family ( Figure  1A ), where they provide key ionic interactions with the cells by sequential Ni 2+ -NTA Agarose and streptavidin bead chromatography. After SDS-PAGE, quantification α-carboxylate and γ-amino groups of bound GABA (Cromer et al., 2002) . Hence, these residues serve as of 35 S-radioactivities in the subunit bands by phosphorimaging again resulted in an α1/β ratio of 1.44 (Fig-" coordinates" for ligand orientation in the binding pocket of inhibitory ligand-gated ion channels. ure 5C). We therefore conclude that the α1 and β GlyR subunits assemble at an invariant stoichiometry of Glycine is not only the principle agonist of the GlyR but also an essential coagonist of the NMDAR. Al-2α1:3β. though both receptors depend on glycine for efficient channel activation, their glycine binding sites differ in Discussion structural organization, antagonist pharmacology, and preference for amino acid stereoisomers ( GlyR transcripts have been implicated in synapse-speexpressed alone, (αβ) T failed to produce detectable cific and/or activity-regulated translation processes, channel activity, whereas coexpression with the β subheterooligomeric GlyR assembly at synaptic sites may unit, but not two low-affinity α1 mutants, generated be controlled by local α but not β mRNA pools. Furtherfunctional heterooligomeric GlyRs. Again, this result is more, the revised subunit stoichiometry deduced here most easily reconciled with two copies of (αβ) T coasmay also be relevant for GlyR anchoring to the postsynsembling with β into a GlyR pentamer. This conclusion aptic scaffolding protein gephyrin ( The discrepancy between the subunit stoichiometry disease). Related mouse mutants have been shown to be deficient in either GlyR α1 or β subunit function. The of heterooligomeric GlyRs determined here (2α1:3β) and that reported in previous studies (3α1:2β) cannot mutant spastic (spa) has an intronic insertion of a repetitive element in the Glrb gene that leads to inefficient be attributed to variations in the β subunit content of recombinant GlyRs. Although the α1 and α2 subunits processing of the β pre-mRNA, and hence strongly reduced levels of β subunit protein ( Figure 1A) . Based on the crystal structure of AChBP many), followed by washing of the resin with 0.2% dodecylmalto-(Brejc et al., 2001); Brookhaven Protein Data Bank entry 1I9B), we side in phosphate buffer. Bound proteins were released by incubaconstructed the Cα framework of GlyR α1 and β subunits by using tion for 5 min at 95°C in SDS sample buffer containing 50 mM structurally conserved regions (SCRs), which mainly correspond to dithiothreitol (DTT). the α helices and β sheets of the AChBP structure. However, in the The purified GlyR was separated on 10% SDS-PAGE gels, which very N-terminal region the α helix present in AChBP was aligned to were fixed, dried, and exposed to PhosphorImager screens. The the SDFLDKL sequence of the GlyR α1 subunit, in agreement with radioactivity of individual polypeptide bands was quantified using the hydrophobic residues FL..L. and IL..I, respectively. Missing a PhosphorImager (Molecular Dynamics) and evaluated using the peptide fragments were then extracted from the Sybyl Protein Dasoftware package ImageQuant. tabase within COMPOSER and joined to the SCRs. The following operations were performed by using the Tripos force field and Kollman all-atom charges. After addition of all hydrogen atoms, the Acknowledgments resulting structure was subjected to molecular dynamic (MD) simulation runs (NTV ensemble, 300 K) for 100 to 1000 fs and energy
We 
